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Abstract—The retail industry is already facing an inevitable
and significant transformation worldwide, and with the current
pandemic situation, it is even accelerating. Indeed, consumer
habits are shifting from brick-and-mortar stores to online shop-
ping. The bottleneck in the end-to-end online shopping experience
remains the efficient and quick delivery of goods to consumers.
In this context, unmanned aerial vehicle (UAV) technology is seen
as a potential solution to address cargo delivery issues. Hence, the
number of cargo-UAVs is expected to skyrocket in the next decade
and the airspace to become densely crowded. To successfully
deploy UAV technology for mass cargo deliveries, a challenge
remains to provide seamless and reliable cellular connectivity
for command and control of highly mobile and flexible aircraft.
There is an urgent need for organized and “connected” routes in
the sky. Like highways for cargo trucks, 3D routes in the airspace
will be required for cargo-UAVs so that they can fulfill their
operations safely and efficiently. We refer to these routes here
as 3D aerial highways. In this paper, we thoroughly investigate
the feasibility of the aerial highways paradigm. First, we discuss
the motivations and concerns of the aerial highway paradigm.
Then, we present our vision of the 3D aerial highway framework.
Finally, we discuss related connectivity issues and their solutions.
I. INTRODUCTION
Unmanned aerial vehicles (UAVs) are gaining momentum
in a wide range of applications, such as search-and-rescue,
video surveillance, and on-demand cellular connectivity [1].
Specifically, UAVs are helping to solve the logistics of the
delivery industry [2], [3]. With consumer behaviour shifting
towards online shopping, an exponentially increasing amount
of cargo has to be delivered in a timely manner. For instance,
Amazon, FedEx, and UPS are delivering approximately 2.5,
3, and 4.7 billion US packages every year, respectively1. With
already congested roads, truck deliveries can be delayed by
traffic, which poses a problem for tight delivery deadlines.
By contrast, UAV technology is seen as a safe, reliable,
and environmentally friendly means of delivery. Indeed, UAVs
can support heavy payloads, fly for moderate to long dis-
tances using efficient and eco-friendly batteries, and they
are equipped with sophisticated sense-and-avoid techniques to
ensure collision-free flights.
Amazon is among the first to develop a UAV-based platform
for goods delivery in hard-to-reach and remote areas, called
“Amazon Prime Air”2. Walmart is following Amazon’s lead,
and within a few years, UAV-based delivery will be more
common, not only in remote areas, but also in dense urban
1https://www.cnbc.com/2019/12/12/analyst-amazon-delivering-nearly-half-
its-packages-instead-of-ups-fedex.html
2https://www.amazon.com/Amazon-Prime-Air
centres around the globe. This will create a tremendous volume
of cargo that should be delivered via airspace and in a stringent
time frame. Hence, coordinated path planning for cargo-UAVs
is needed to guarantee the safety and fluidity of aerial traffic.
Since there are more degrees-of-freedom in planning routes in
airspace than on the ground, we define a 3D aerial highway
as a set of aerial routes that cargo-UAVs must follow to fly
from one location to another. For simplicity, the term “route”
is similar to a highway, street, or avenue in a road network,
whereas “aerial highways” is similar to the road network
itself. The 3D aerial highways will be configured as the
main infrastructure that supports the operations of a massive
number of cargo-UAVs, and this will be achieved by setting
up specific aerial routes to guarantee cargo-UAV requirements,
such as ubiquitous cellular connectivity, maximum mission
time, and cargo priority. In essence, 3D aerial highways will
address the issue of coordinating a significant number of
cargo-UAV deliveries by splitting the traffic among different
aerial routes. Unlike conventional routes, 3D aerial highways
will be reconfigurable to leverage the in-homogeneity of the
cargo-UAV traffic. This will lead to an extremely agile and
flexible framework where the supply in terms of 3D aerial
highways always match the demand in terms of cargo-UAV
operations.
The “creation” of 3D aerial highway in the sky depends
mainly on the cellular connectivity of its routes. Multiple
discussions in the research community have shed light on
potential network architectures to connect UAVs [4]–[7]. For
instance, reutilizing terrestrial networks to provide aerial cov-
erage has been extensively investigated, and realistic channel
models for cellular ground-to-air channels have been studied
and presented by the Third Generation Partnership Project
(3GPP) in its Release 15 [8]. Channel model simulation
results suggest that terrestrial networks may not be adequate
for providing ubiquitous cellular connectivity to cargo-UAVs.
Subsequently, different network architectures were proposed,
including vertical heterogeneous networks (VHetNets) [4] and
standalone aerial networks enabled by UAV base stations
(UAV-BSs). It is not clear yet which type of networks would
fully support the cellular connectivity requirements of cargo-
UAVs in 3D aerial highways while also being economically
viable.
To ensure the safe operations of large-scale cargo-UAV
systems, a massive amount of data about cargo-UAVs has to be
continuously collected and analyzed, including locations, bat-
tery levels, flight speeds, and environmental conditions (e.g.,
weather conditions, obstacles). Hence, artificial intelligence
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Fig. 1. A 3D aerial highway design.
(AI) can be leveraged to analyze the data and provide control
commands to prevent failures, aerial traffic congestion, and
collisions, to name few.
To fully exploit the potential of UAVs for cargo deliveries,
we propose here a complete framework for 3D aerial highway
design. In addition, we discuss the motivations and concerns
related to the 3D aerial highway paradigm, our vision, and the
suitability of different cellular networks for providing seamless
and reliable connectivity to cargo-UAVs.
II. 3D AERIAL HIGHWAYS: MOTIVATIONS AND CONCERNS
A. Motivations
Aerial highways are projected to become regulated routes
for cargo-UAVs, where seamless connectivity will be guar-
anteed by several aerial communications advancements, e.g.,
UAV-BSs, high altitude platforms station (HAPS) systems,
and low earth orbit (LEO) satellites. Fueled by the shift in
consumer habits towards online shopping, UAVs are being
promoted as the future pillar of cargo delivery. Indeed, relying
on traditional delivery systems involving a driver and a vehicle
means more traffic congestion, and pollution, and health risks
to the most vulnerable. This is especially pronounced in times
of disasters and pandemics, such as the current COVID-19
pandemic.
Also, given the exponentially increasing number of online
orders, last-mile delivery is becoming a bottleneck for the
consumer’s online shopping experience. This issue is critical
not only for customers, but also for the survival and prosperity
of online businesses and retailers. Hence, adopting this new
cargo-UAV delivery mode would be an immense boost for
online stores, besides being faster, more eco-friendly, and more
cost-effective than conventional delivery modes.
Nevertheless, the massive use of cargo-UAVs would bring
their own share of issues, such as planning and organization
of aerial routes, control and command (C&C) connectivity,
and aerial incidents avoidance. Since very similar concerns
were raised in the old days of the car industry boom, when
road networks were built to enable new use cases for vehicles,
we envision that similar steps will need to be followed for
cargo-UAVs in supporting the transformation of the retail
industry. Specifically, 3D aerial highways should be carefully
defined and planned on the basis of several criteria, including
regulatory restrictions, layout of the ground/sky area, cellular
connectivity for C&C operations, and cargo priorities.
Unlike conventional highways, which are built from scratch
and maintained for vehicular traffic, 3D aerial highways define
routes in the open sky between an origin and a destination.
Such routes can be designed for urban areas as well as for
rural or hard-to-reach areas. For example, in Fig. 1, we see 3D
aerial highways above an urban area, where cargo-UAVs may
be coming to and from a retailer warehouse. The aerial routes
are strategically planned at different altitudes according to
specific criteria, e.g., cargo-UAV type, properties, and payload.
Moreover, vertical routes are designed to facilitate transitions
between highways at different altitudes and also ensure the
continuous and efficient cellular connectivity of cargo-UAVs
to their control centre.
3D aerial highways present attractive characteristics. First,
they are very flexible and easily reconfigurable. Such qualities
are handy in situations of cellular network failures or out-
of-control ground/sky layout modifications. For instance, in
a disaster situation or harsh weather conditions, alternative
routes may be rapidly configured and sent to the cargo-UAVs,
which would allow service continuity and efficient delivery
of sensitive supplies and medicines. Second, energy-efficient
C&C can be achieved using cargo-UAV swarms. When a
cargo-UAV fleet is deployed in a particular area, the UAVs
heading in the same direction can delegate a cargo-UAV to
monitor all C&C data exchange with the cellular network, thus
reducing the fleet’s cellular communications to a minimum.
Third, aerial highways can be shared and organized to support
delivery operations of different retailers. Since the retailers
know in advance the deliveries they will be making, a central
aerial traffic monitoring system compiles all retailer mission
requests on an hourly/daily basis and plans the routes for all
deliveries.
Obviously, achieving accurate organization and coordination
of massive cargo-UAV systems cannot be realized without
the involvement of governmental regulations, high safety and
privacy standards, and public endorsement.
B. UAV Regulations
UAV regulatory authorities have developed guidelines for
UAV usage. These directives define the procedures to be
respected when flying UAVs. These directives establish max-
imum UAV weight, maximum altitude allowed, purpose, and
minimum spacing from individuals and sensitive services
[9, Table I]. However, most guidelines apply to recreational
UAVs and do not specify procedures for commercial UAVs.
Regulations for the latter may be more stringent for cargo-
UAVs, especially when carrying heavy loads for relatively long
distances, since a malfunction may jeopardize the safety of
individuals on the ground. For this reason, 3D aerial highway
design above dense urban areas requires them to adhere
to several restrictions, such as no-fly zones, specific paths
to avoid malfunctioning over pedestrians, cars, or sensitive
buildings, and limited cargo payloads.
C. Public Safety
UAV technology raises serious concerns in terms of public
safety. Unlike well-maintained and secure traditional aviation
operations, UAVs can be inadequately sustained, and thus
experience errors that affect them. Studies have shown that
accident rates involving UAVs is very high, due to collisions
with structures, other aircraft, or trees [10]. Thus, UAVs are
seen as a serious risk to communities as they may result in
physical and material damage. To reduce these risks, regu-
latory authorities have limited the maximum UAV payload
(less than 10 kg) and flying altitude (less than 122 m).
When maliciously used, UAVs can easily trigger public service
disruptions. For instance, in December 2018, more than 1000
flights were disrupted and 140 thousand travellers blocked due
to the sighting of a UAV at Gatwick Airport in the UK. This
incident revealed the extent to which UAV technology can
endanger the safety of aviation operations and persons. For
this reason, extended no-fly zones have been imposed on UAV
near airports and critical services.
D. Privacy and Security
With the development of any new technology, privacy
concerns of individuals and communities must be reassured
and addressed in order for the technology to be deployed suc-
cessfully. As UAV technology develops new ways of operating
(i.e., aerial capabilities previously reserved for aviation pur-
poses and monitored by governmental agencies), the privacy
of individuals and communities are under threat. Cargo-UAVs
equipped with sophisticated sensors and cameras are contin-
uously sensing and collecting data, notably sensitive data,
such as location addresses, and neighborhood aerial photos.
This data can be hacked or stored in offshore unsecured data
centres. Retailers who operate their online deliveries via cargo-
UAVs are responsible for securing all collected data during
delivery operations and locking it away from cyber-attacks.
Also, since C&C operations are expected to go through
cellular networks, they have to be protected against wireless
control hijacking and denial-of-service attacks, which may
result in UAV failures, causing significant retailer losses.
E. Social Acceptability
The emergence of UAV-based applications has generated
a range of responses from the public. Depending on the
UAV use case, the public perception and approval has varied
substantially. Specifically, risk assessment, privacy concerns,
and the impact on job security, are the main factors influencing
the social acceptability of the UAV technology. For instance,
UAVs can be positively perceived by farmers as they help
ensuring food security. However, the use of UAVs in urban
areas can be unwelcome as they may be connected with job
losses (e.g., loss of jobs for delivery drivers) and risk to
properties and lives.
In a recent survey conducted on the public perception of
UAVs [10], the authors found that the respondents did not
overrate the risk and threat of UAVs, compared to manned air-
craft. However, privacy issues, military use, and UAV misuses
emerged as the most prevalent public concerns. The authors
concluded that the public perception of UAVs has yet to be
formed and that as UAV technology becomes more mature, its
social acceptability is expected to evolve positively for various
applications, including cargo-delivery.
III. 3D AERIAL HIGHWAY: OUR DESIGN VISION
Enabling massive cargo-UAV delivery operations requires
rigorous 3D aerial highway design, where several parameters
have to be taken into account, including payload, cargo prior-
ity, and cellular connectivity requirements. All these parame-
ters shape the demand for efficient aerial routes, characterized
by route coordinates, cellular connectivity level, and autho-
rized flying speed, to name few.
In Fig. 2, we depict the envisioned 3D aerial highway design
framework, including a description of the input parameters,
processing unit, and output metrics.
A. Inputs
Prior to defining a 3D aerial highway, a number of input
parameters are collected and processed. The objective is to use
this information to exactly match the supply (i.e. the highways
and routes) to the demand (i.e., cargo-UAV delivery missions).
These parameters include the following:
• Cargo weight: Depending on the cargo weight, the latter
will be assigned to a specific type of UAV that handles
that weight and will follow a specific itinerary composed
of routes dedicated to this range of weights.
• Cargo priority level: Cargos may have different priority
levels (e.g., standard, premium, or urgent), causing the
delivery to be scheduled differently during the day, and/or
put on a different priority itinerary.
• Cargo confidentiality level: Cargo content may have dif-
ferent levels of confidentiality. For instance, delivering of-
ficial documents to citizens (e.g., passports, government-
issued ID) should be treated with high end-to-end security
measures. Consequently, secured aerial routes should be
available to support critical delivery operations.
• Cargo drop-off locations: Aerial routes are expected
to link the retailer warehouse to any possible shipping
address within the UAV’s flying range. With this infor-
mation, drop-off locations can be clustered to streamline
UAV fleet assignments and minimize C&C data exchange
in beyond visual line-of-sight (BVLoS) operations.
• Cargo maximum delivery mission time: Consumers
typically expect very fast deliveries, e.g., the same day
and/or less than two hours, according to Amazon. Conse-
quently, significant pressure is put on the delivery process,
where the maximum cargo-UAV delivery time, i.e., the
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time between leaving the warehouse with the order until
delivering it to the customer, becomes crucial to the end-
to-end shopping experience.
• Cargo-UAVs traffic patterns: From shopping order his-
tory and logistics data, traffic patterns can be extracted,
which characterize the density of order traffic by area.
This information is crucial in accurately designing aerial
routes. For instance, an area where the number of shop-
ping orders is higher than average should be supplied by
a higher number of routes to avoid aerial congestion.
• Cargo-UAV maximum payload: Available UAVs for
aerial cargo transportation have different payload capa-
bilities, which currently range from a few hundred grams
to 10 kilograms. For accurate 3D aerial highway design,
routes for different ranges of cargo weights, shapes, and
solidity have to be defined, while guaranteeing the safety
of individuals and properties on the ground.
• Cargo-UAV battery autonomy: The cargo-UAV on-
board energy lifetime is a critical limitation that should
be considered in the design of aerial routes. Intuitively,
farther drop-off locations would be carried by cargo-
UAVs with higher flying autonomy.
• Cellular connectivity requirements: For BVLoS op-
erations, reliable cellular connectivity is required. The
latter would allow C&C data exchange and cargo-UAV
continuous localization to prevent any issue during the
mission. The connectivity requirements mainly include
end-to-end communication delays with the control sta-
tion, in the order of tens of milliseconds, and the tolerable
disconnectivity rate of the itinerary, defined as the ratio
of the flight duration without any cellular connection to
the total flight time.
• City centres airspace map: The airspace 3D city map,
where cargo-UAVs perform their delivery missions, is a
mixture of the city’s urban topography (i.e., buildings,
streets) and the defined areas of the airspace. These areas
can be delimited as suggested by Amazon and shown in
Fig. 3. Specifically, cargo-UAVs operating beyond visual
line-of-sight travel between altitudes of 61 m and 122
m in the “High-Speed Transit Zone”, while recreational
and non-transit activities, which require VLoS control,
fly below 61 m in the “Low-Speed Localized Traffic”
area. The airspace between 122 m and 152 m is a
permanent “No-Fly Zone”, except for emergencies. Fi-
nally, Amazon’s model includes a “Predefined Low Risk
Locations” area, such as designated by the Academy of
Model Aeronautics.
B. 3D Aerial Highway Design Processing Unit
The processing unit is the core of the 3D aerial route
design system. After extracting the input parameters from the
shopping order history and retailer logistics data, it compiles
them to achieve an optimized 3D highway design, e.g., it
derives the 3D coordinates of aerial routes, associates each
route to a specific cargo weight range, and assigns priority
levels, confidentiality levels, and cellular connectivity key
performance indicators (KPIs) to routes. The outputs of the
processing unit, described below, can be fed back and re-
processed to improve the route design. Also, given that the
airspace environment changes, for instance, due to different
weather conditions, varying shopping traffic patterns, etc.,
an advanced artificial intelligence agent can be leveraged to
update and reconfigure new and efficient aerial routes.
C. Outputs
The processing unit produces several metrics, which are
summarized as follows:
• 3D coordinates of routes: As in road networks, aerial
routes have to be identified mainly by their 3D coordi-
nates. In a more sophisticated system, it is expected that
routes will be given identifications such as aerial street
names and highway numbers.
• Cargo priority per route: Each aerial route is assigned
a priority level that, for convenience, would allow flying
cargos with the same priority or higher.
• Authorized cargo weight range per route: Each aerial
route is envisioned to support a range of cargo weights
as it depends on its altitude and regulations in place.
• Authorized flying speed per route: UAVs may move
along aerial highways at different speeds due to their
characteristics. To reduce collision risks, routes can be
divided for different speed ranges, e.g., very fast, fast,
moderate, slow, and very-slow, within the regulation
limits.
• Cellular connectivity KPIs per route: Each route will
be characterized by cellular connectivity KPIs, that are
expected to exceed the requirements provided by inputs.
• Number of lanes per route: Dense neighborhoods may
have a massive number of cargo deliveries and thus aerial
routes may need to support a substantial number of cargo-
UAVs simultaneously. Hence, several lanes on the same
route may be designed to make significant gains in the
delivery times.
• Emergency routes: The 3D aerial highway design should
encompass emergency routes for unexpected situations
that may be faced by the cargo-UAVs during their mis-
sions, such as longer than usual cellular disconnectivity
times, and cargo-UAV malfunctioning.
IV. CELLULAR CONNECTIVITY FOR 3D AERIAL
HIGHWAYS: A CLOSE LOOK
In this section, we focus on the cellular connectivity issue
of cargo-UAVs in 3D aerial highways. Specifically, we dis-
cuss different network architectures that may support massive
cargo-UAV operations.
A. Existing Terrestrial Network
Since conventional terrestrial networks were designed and
deployed for the sole purpose of covering terrestrial users,
their aerial coverage is somewhat limited and unreliable as
there are many gaps in coverage in the sky. Indeed, with its
antennas tilted down towards terrestrial users, terrestrial-BSs
1
2
3
4
5
6
7
8
9
10
500 1000 1500 2000 2500 3000
500
1000
1500
2000
2500
3000
0
1
2
3
4
5
6
7
8
9
10
Fig. 4. Terrestrial-BS aerial coverage in an area of 3000 x 3000 meters
using UMA (urban macro) environment channels model [8] and 3D antenna
radiation pattern [11] to connect a cargo-UAV at altitude of 80 meters.
Terrestrial-BSs are identified by the black filled circles with their IDs, and
the color-map designates the coverage color for the terrestrial-BS identified
by its ID. ID 0 in the color-map refers to the color of the coverage holes.
provide limited coverage in the sky with their antenna side-
lobes. Moreover, connectivity of UAVs may be affected by the
strong line-of-sight (LoS) interference from other terrestrial-
BSs [8]. Thus a UAV may be connected to a distant BS that
provides better signal quality than a nearby BS.
In Fig. 4, we depict the aerial coverage heat map of terres-
trial BSs for a cargo-UAV flying at altitude 80 m, where the
downlink communication is considered successful when the
signal-to-interference (SIR) is above a fixed threshold of 5 dB,
i.e., cellular coverage is provided. First, we can see that there
are most likely gaps in aerial coverage (disconnectivity areas
are identified using the color ID 0). Moreover, to corroborate
the view that a BS serving a cargo-UAV may not be the closest
one, we see for instance that the coverage region of BS 10 (in
yellow) is far from it, since it is provided with the side-lobes.
B. Dedicated Terrestrial Network
As in aviation, where all communications are supported
by dedicated terrestrial networks, cargo-UAVs traveling in 3D
aerial highway can be served by a similar cellular network
design. To this end, terrestrial-BSs with antennas tilted up to
the sky can be deployed to cover aerial routes. However, the
coverage of such a dedicated network may face significant
challenges when the aerial routes are dynamically reconfigured
due to traffic pattern changes or other unforeseen events.
For instance, when a route starts to be frequently reused
and congested with a high number of cargo-UAVs due to a
change in customer shopping patterns, new lanes and/or routes
have to be rapidly configured to support this additional traffic
load. The cellular connectivity for the new routes has to be
guaranteed, which means that terrestrial-BS coverage of the
sky has to be potentially reconfigured. Such flexibility may not
be available with a dedicated terrestrial network. Furthermore,
this option may not be the most economically attractive due
to the need for high capital and operational expenditures.
C. UAV-BS Aerial Network
Recently, the use of UAV-BSs to provide cellular connec-
tivity has gained much attention since they were promoted as
complementary to terrestrial networks in several use cases. For
instance, when a spike in data rate demand occurs due to a
temporary event, e.g., a concert or sporting event, UAV-BSs
can be easily deployed to support the extra traffic load [12].
In cargo-UAV systems, connectivity can also be supported by
UAV-BSs. More precisely, the latter can be placed along aerial
routes at strategic locations to provide cellular connectivity to
cargo-UAVs. In such a design, the UAV-BS antenna main-lobes
have to be aligned with the cargo-UAV routes, i.e., horizon-
tally or vertically [13]. When new routes are configured, the
mobility of the UAV-BS allows it to move freely to a more
adequate location, thus guaranteeing connectivity for cargo-
UAVs along the new routes.
Although UAV-BSs have extra degrees-of-freedom, i.e.,
deployment flexibility and mobility, they suffer from limited
flying times, typically ranging from 30 minutes to few hours,
which complicates their utility. To bypass these constraints,
researchers and industry players are investigating several op-
tions, including on-demand deployments depending on cargo-
UAV traffic variations, on-the-fly UAV-BS swapping, battery
swapping, laser charging, and threaded UAV-BSs.
D. LEO Satellite Network
With the evolution of space technology today, the costs of
satellite production and deployment are significantly reduced.
This has made LEO satellites more attractive for providing
ubiquitous and low-latency communications. SpaceX has taken
the lead with its Starlink project, which aims to deploy
thousands of LEO satellites to provide Internet connectivity
over the globe. In the context of 3D aerial highways, such
a network design would be beneficial, especially in rural
and hard-to-reach areas. However, for UAV applications, LEO
communications face several challenges that need to be re-
solved. For instance, satellite pointing loss due to satellite
vibrations or imperfect tracking-and-stabilization mechanisms
may affect the quality of communications. In addition, the RF
channel strength can be affected by several factors, such as
weather condition attenuation, frequency, absorption and scat-
tering due to various gas molecules and aerosols in the Earths
atmosphere, and atmospheric turbulence. Consequently, LEO
satellite networks can be seen, for now, as a complementary
network when the main network that connects the cargo-UAVs
fails partially or totally.
E. HAPS Aerial Network
An interesting alternative to LEO satellites is a HAPS
system, which offers similar performance but with fewer
constraints. In recent publications, HAPS have been proposed
to act as super macro-BSs with large coverage footprints (up
to 100 km) [14]. HAPS systems operate in the stratosphere at
a typical altitude of 20 km, fueled mainly by solar panels and
rechargeable batteries. They can stay aloft at a quasi-stationary
location, thus providing significant benefits over LEO satellites
to achieve the goal of ubiquitous connectivity. The deploy-
ment of HAPS systems was initially planned for rural areas
and disaster relief applications, as in the case of Google’s
Loon project. However, HAPS use cases are currently being
extended to advanced wireless communications services with
ultra-wide coverage and high capacity for all areas, urban and
rural [15]. Owing to these capabilities, HAPS systems can act
as an adequate cellular connectivity platform for cargo-UAVs
traveling in 3D aerial highways, since a HAPS can guarantee a
reliable wide coverage with relatively low-latency, especially
in densely-populated areas where thousands of cargo-UAVs
are expected to be flying around daily.
In summary, each of these networks has its advantages and
drawbacks in providing cellular connectivity for the 3D aerial
highway paradigm. Nevertheless, we envision that a practical
deployment for cargo-UAVs will be supported by at least
two different types of networks, which will provide reliable
connectivity and safe operation in the airspace. For the sake
of clarity, we provide the pros and cons of these solutions in
Table I below.
V. CONCLUSION
In this article, we discussed our vision of a 3D aerial
highway paradigm, which will be the main enabler of the
retail industry transformation. First, we discussed the main
motivations and concerns related to our vision. Then, we
detailed our 3D aerial highway framework that is designed
to enable the coordinated and dynamic planning of routes for
cargo-UAVs. Finally, we discussed the related issue of cellular
connectivity and evaluated possible solutions. For 3D aerial
highways to operate safely and effectively, we recommend
supporting cargo-UAVs with at least two types of wireless
networks.
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